The Saffman-Taylor (S-T) instability mechanism in laminar premixed flames in a Hele-Shaw cell is investigated using two-dimensional numerical simulations with an Arrhenius reaction model and Poiseuille assumption for the viscous effect. The baseline calculations considering the Darrieus-Landau (D-L) and diffusive-thermal instability modes show results consistent with the classical linear instability theory. The primary effect of the variable transport properties is found to be the modification of the flame thickness, such that the results can be properly normalized by the actual flame thickness and timescales. The effect of different Lewis numbers is also found to be consistent with previous studies. With the S-T instability mechanism, the overall effect is to enhance the destabilizing mechanism by providing an increased viscous force in the product gas. The linear instability behaviour is found to be qualitatively similar to the D-L mechanism. However, the results in the nonlinear range demonstrate that there may exist distinct characteristic timescales associated with D-L and S-T mechanisms, such that the latter effect sustains longer in time, contributing to a higher overall flame speed. The calculations show that the S-T effect is considerable for Peclet numbers less than 50. For sufficiently smaller Peclet numbers, the overall flame speed is found to be significantly affected by the S-T mechanism.
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Introduction
Intrinsic flame instabilities have long been a subject of theoretical and experimental studies in combustion research because of their relevance in turbulent combustion. Depending on parametric conditions, a laminar flame may develop a spatial or temporal instability which results in an enhanced flame front area and ultimately leads to self-turbulization of combustion. Furthermore, large variations in temperature and density across the flame generate baroclinic torque, which in turn contribute to the flow turbulence characteristics.
Laminar premixed flames become unstable by various physical mechanisms. Most notably, the Darrieus-Landau (D-L) [1] and diffusive-thermal (D-T) [2] instabilities have been extensively studied during the past few decades [3] [4] [5] [6] [7] [8] [9] and are considered the primary instability modes. In addition, the Rayleigh-Taylor instability caused by the buoyant force also needs to be considered when the gravity effect plays a significant role.
More recently, yet another instability mechanism has been investigated by the experimental study of premixed flame propagation through a narrow gap between two parallel plates, called the Hele-Shaw cell [10] . This study demonstrated that the viscous effect in the fluid between the plates can provide an additional instability mode at different length scales. The important parameter of this physical process is represented by the Peclet number, Pe = S L h/α, where S L is the laminar flame speed, h is the gap thickness, and α is the thermal diffusivity of the upstream gas. In this paper, however, while recognizing the viscous effect as a third instability mechanism, the experimental results showed that the flame speed is little affected by a wide range of Peclet numbers (up to 250), making the quantitative assessment of the overall effect rather inconclusive. A part of this may be attributed to the difficulties in undertaking the experiments with a smaller gap size for which the heat loss effect becomes dominant. Therefore, one of the main objectives of this paper is to investigate this issue by a systematic numerical experiment.
As a practical application, the flame instability due to the narrow channel effect is of interest in the internal combustion engine, where the partial burning or quenching of flames in the narrow crevice volume has been identified as the major source of unburned hydrocarbon emission. Another important application is related to the recent interest in micro-combustion as an alternative compact power-generation device [11, 12] . Many such combustors have a small dimension at high cross-sectional aspect ratio and surface-to-volume ratio, hence the viscous effect caused by the narrow channel may have a strong impact on the overall combustion stability. While it has been reported that combustion in such a small dimension can be 'flameless' [13] , there may be other combustor configurations where the flame propagation does occur.
The instability of the propagating front by the 'viscous fingering' was first recognized by Saffman and Taylor [14] in their study of the evolution of the planar non-reacting interface between two different fluids. If the inviscid fluid displaces the viscous fluid at a constant injection rate in a Hele-Shaw cell, the initially planar interface undergoes the S-T instability, which is caused by the discontinuity in the viscosity of the fluid across the interface. The viscous force discontinuity results in a different pressure gradient and fluid velocity across the interface, rendering the fluid interface unstable. Further studies on this problem have recently been published [15, 16] .
If a premixed flame propagates through the Hele-Shaw cell, the flame surface behaviour is different from the case of immiscible fluids. In this reacting front, the flame surface is not a simple passive-scalar interface, but has a self-propagating velocity which itself is a function of neighbouring fluid transport conditions. Therefore, the S-T instability mechanism is expected to be inherently coupled to the other intrinsic instability modes of the flame. Joulin and Sivashinsky [17] studied the influence of the momentum loss on the premixed flame instability in the Hele-Shaw cell. Although the D-T instability was not taken into account, they found that the momentum loss due to friction makes the flame surface more unstable. Zhu [18] also studied the chemical front propagation through the Hele-Shaw cell. He used Darcy's law to model the effect of the viscous force in a two-dimensional calculation of the flow field and assumed a simple laminar burning velocity relation. Although the fingering mechanisms of the chemical front are explained in this paper, an important stabilizing effect resulting from a larger curvature could not be addressed with the simple laminar burning velocity relation. In a propagating flame with large temperature and density variations, every instability mode can affect the flame dynamics and the nonlinear curvature effect should be considered to simulate realistic flame behaviour.
Flame instabilities have been extensively studied in the past using the asymptotic methods [3] . Most of the first-order qualitative characteristics of the instability mechanisms have been analysed by linear stability analysis, thereby identifying the onset of the instability point in terms of important physical parameters, such as the Lewis number and heat loss parameter. For the flame dynamics beyond the regime of the linear analysis, either a nonlinear analysis for a limiting case was performed or a general nonlinear equation, such as the Michelson-Sivashinky equation, was derived and computed numerically [19, 20] . Cambray and Joulin [5] used this equation for the analysis of the flame dynamics with the flow disturbance. Although these nonlinear stability equations are an excellent way to investigate the general flame dynamics, they are derived based on some limiting approximations, such as large activation energy, nearunity Lewis number, etc, hence the effects of large deviations of such parameters cannot be easily incorporated.
Recently, with the advanced computing power, direct solutions to the full conservation equations with finite-rate chemistry have been attempted. Rutland et al [21] applied this approach to reproduce the growth rate versus wave number curves to validate the linear analysis results in a more realistic situation. Kadowaki [22] also investigated the lateral movements of cellular flames with gravity effects using direct simulations. Despite the limitation of the computational domain size, the direct simulation of the full differential equations has the advantage of exploring the linear and nonlinear range of the stability behaviour. Furthermore, a realistic treatment of transport properties, such as the temperature-dependent viscosity and conductivity, allows more accurate quantitative prediction. In particular, the variable viscosity consideration is essential because it is the main driving force for the S-T instability.
In this paper, we study the effect of the S-T instability on the premixed flame propagation with the effects of the D-L and D-T instability modes fully incorporated. The temporal growth of the flame front perturbation from a small to large amplitude is realized by detailed numerical simulations with an Arrhenius reaction model to investigate the nonlinear effects of the flame curvature. Using a simple two-dimensional model with adiabatic walls, the main objectives are to assess and quantify the effect of the S-T mechanism relative to other instability modes, and to identify the parametric range where each effect is important.
Formulation
The conservation equations for mass, momentum, energy, and species equations, and the equation of state in compressible formulation, are written as follows:
where superscript '+' indicates a dimensionless variable based on the acoustic length and timescales. The reference parameters for nondimensionalization are listed in table 1.
The reaction term appearing in equations (3) and (4) is modelled by a single species and single-step irreversible reaction (R → P ), for which the heat release and the reaction rate are given by
where
is the Zeldovich number and σ = (T f − T 0 )/T f is the heat release parameter. Unless otherwise noted, in all the calculations we use Re a = 1700, Pr = 0.7, σ = 0.8, β = 10, and + = 15. To incorporate the S-T instability mechanism, we consider a premixed flame propagating between the two adiabatic parallel plates toward a quiescent upstream, creating a downstream velocity field as shown in figure 1(a). In the actual simulation, however, a Galilean transformation is made such that the entire plates and the flow within the channel are moving at a constant speed U c in order to retain the flame within the computational domain for a long period of time. This is depicted in figure 1(b) . Therefore, the upstream reactant is uniform across the boundary layer and the viscous effect upstream is very small compared to that downstream of the flame. In this situation, the problem can be reduced to a two-dimensional problem, with the viscous force τ zx and τ zy modelled by the Poiseuille flow assumption [17] : 
or
whereū is the velocity averaged in the z-direction, U c is the convective velocity from the inlet, and h is the Hele-Shaw cell thickness. The viscous terms in the y-direction (∂τ yz /∂z) can also be calculated in a similar manner. Note that, in deriving (10), the viscosity is assumed to be independent of the z-direction. Applying the approximation to all other scalar variables, equations (1)- (4) are reduced to a two-dimensional system for the z-averaged variables, written as: ∂ρ 
where i ST is the index of the S-T effect which is one if the S-T effect is to be considered, and zero otherwise. All the z-derivative terms can be simplified by the Poiseuille flow assumption as shown in equation (10).
Numerical method
The computational configuration is shown in figure 2 . The two-dimensional system of equations (1)- (5) with the S-T viscous force model is solved by the sixth order compact finite difference scheme [23] for spatial derivatives and the third order Runge-Kutta method [24] for time integration. As for the boundary conditions, a soft-inlet condition [25] is used at the inlet (x = 0) in order to maintain a fixed inlet velocity, and the nonreflecting outflow condition is used at the downstream boundary [25, 26] . Periodic boundary conditions are used in the y-direction boundaries. The initial condition for the planar flame is first generated by the solution from a onedimensional calculation and then mapped into the two-dimensional domain. As in the linear stability analysis, we then impose a small sinusoidal perturbation onto the initial premixed flame front in the following form:
where x f is the flame perturbation, F 0 is the initial amplitude of the disturbance, ω is the growth rate, and k is the wave number of the disturbance.
Since the primary cause of the S-T instability is the variation in viscosity across the flame front, it is essential to retain the effect of variable transport properties in the numerical simulation for better qualitative and quantitative prediction. We use a temperature-dependent viscosity model
The thermal conductivity and molecular diffusivity of the reactant are determined by assuming constant Prandtl (Pr = 0.7) and Lewis numbers, where the latter is a parameter of the problem. It is well known that the temperature-dependent viscosity model modifies the flame structure significantly. Figure 3 shows typical profiles of temperature and reaction rate for the reaction parameters used in this study. The length and timescales are normalized by the reference values shown in table 1. The constant viscosity model (µ = µ 0 ), as was given by Rutland et al [21] , is plotted as a comparison. With the variable viscosity model, the actual flame thickness based on the temperature gradient is found to be larger than that with constant viscosity at the upstream temperature. This resulted in the flame speed with the constant viscosity model to be approximately half the value with the variable viscosity model. As will be discussed later, this has a significant impact on the quantitative result of the growth rate versus wave number stability boundary.
Darrieus-Landau and diffusive-thermal instability
As a baseline case, we first study the flame instability behaviour due to the D-L and D-T modes only. Therefore, the S-T effects, denoted by τ zx and τ zy , are suppressed in this section. The sinusoidal wave form of the flame front is imposed in the initial condition as in equation (16) . As the calculation proceeds, the flame wrinkles evolve in time, while the flame remains within the computational domain by the imposed input flow velocity which was adjusted a priori. The growth rate of the maximum amplitude of the disturbance is monitored in time and reported in the following. Figure 4 shows a typical case of the growth rate history with the variable viscosity model, during the early phase of the instability development. The amplitude of the flame wrinkle increases exponentially, so that the growth rate levels off to an asymptotic value. The simulations with the constant viscosity model also show a similar trend. Calculations for a range of wave numbers, for both the constant and variable viscosity models, have been compiled to yield the growth rate versus wave number plot as shown in figures 5(a) and (b). The earlier results by Rutland et al [21] are also plotted for comparison and show good agreement with the constant viscosity model used in this paper. In figure 5(a) , the two viscosity models result in a qualitatively similar trend, in that the destabilizing (positive growth rate) effect at low wave numbers due to the D-L mechanism is suppressed by the stabilizing effect of the D-T mode (negative growth rate) at higher wave numbers. However, the constant and variable viscosity models result in quantitative differences. This is due to the differences in the actual flame thickness. As shown in figure 3 , the flame thickness based on the temperature profile using the variable viscosity model is about twice that of the constant viscosity model. To compensate this effect, the flame length and timescale are normalized based on the actual flame thickness, defined as All the following results will be shown in terms of the ' * * ' quantities normalized by the thermal flame thickness (δ th ) and time (τ th ). As a reference, the conversion factors between various normalizations (+, * , and * * ) are summarized in table 2, where the nominal and thermal flame thickness and time are given in terms of the reference acoustic scales.
Based on the results shown in figure 5 , we can estimate the critical wave number of the initial disturbance that yields the maximum growth rate based on the D-L and D-T mechanisms. As expected from the asymptotic theory, this critical wave number is a function of the Lewis number. Figure 6 shows the Lewis number effects on the growth rate and wave number relation. The peak growth rate increases further at higher wave numbers as the Lewis number decreases, confirming that the flames with a smaller Lewis number are more unstable. However, it must be noted that the slope of the curves near the small wave number limit (large-scale disturbance) remains almost the same for various Lewis numbers. This demonstrates that there is a clear disparity in the scales at which the D-L and D-T modes are effective. In other words, the D-T effect is important only for the disturbances at a scale comparable to the flame thickness, and is almost negligible in the low wave number limit. As will be shown later, the S-T instability mechanism is clearly different in this respect.
As the amplitude of the flame wrinkles continues to grow, the linear stability analysis becomes no longer valid and the nonlinear effects start to play a role, resulting in a saturation in the maximum amplitude of the disturbance, as predicted by the previous nonlinear analysis [19, 20] . The present computational results, shown in figure 7 , reveal a consistent behaviour that the amplitude of the flame wrinkles reaches an asymptotic value. We define the overall flame speed, S T , as the volume-averaged consumption speed
where ω F is the reaction rate of the fuel, ρ 0 is the upstream gas density, Y F,0 is the mass fraction of the fuel upstream, and L y is the domain length in the y direction. As shown in figure 7 , the variation in the overall flame speed follows closely the amplitude variation. The level-off behaviour of the amplitude growth has been known as the effect of the nonlinear term, 1 2 (∇F ) 2 , appearing in the original formulation by Sivashinsky [19] , where F represents the perturbation of the flame front as defined in this paper. This nonlinear effect is often referred to as the 'kinematic restoration,' which may also be interpreted based on the visual observation of the sequence of the flame evolution shown in figure 8 . As the flame wrinkles grow, the streamline is further deflected across the flame front due to thermal expansion, resulting in a higher convective velocity ahead of the flame front region that is concave toward the upstream (D-L instability mechanism). The increased convective velocity results in further retreat of the flame cusp and growth of the flame wrinkle. Once the flame front starts to form a cusp, however, the flame surface area within the unit stream tube around the cusp increases rapidly, which is exactly the physical manifestation of the effect of the nonlinear term, 1 2 (∇F ) 2 . This effect compensates for the D-L instability mechanism and thus eventually leads to an equilibrium state between the enhanced convective transport and the enhanced flame surface area.
The overall flame speed is expected to depend on a cumulative effect of the amplitude growth history. Although the growth rate eventually vanishes after a long time when the nonlinear effect becomes dominant, it is of interest to examine how the overall flame speed enhancement is related to the maximum linear growth rate. Figure 9 shows the two quantities as a function of the wave number of the perturbation, where it is clearly seen that the overall flame speed is strongly correlated with the maximum linear growth rate.
Saffman-Taylor instability
We now consider the S-T instability mechanism by including the viscous effect. This effect has been modelled as a source term in the two-dimensional equations, as in equations (8)- (10) . As a qualitative comparison, figure 10 shows temperature and the streamwise velocity isocontours without (left column) and with (right column) the S-T effect, after a sufficiently long time to reach an asymptotic limit in the flame shape.
Although figures 10(a) and (b) appear to be similar, the velocity profiles with the S-T effects show a larger increase downstream and concentrated stream lines at the cusp. This can be explained by the schematic diagram of the viscous force shown in figures 11(a) and (b). As in figure 11(a) , the convective velocity increases across the flame front due to thermal expansion. Furthermore, the viscosity is also increased significantly downstream. The combined effect of the increased velocity and viscosity results in a substantial increase in the viscous friction force which is proportional to µ/ h 2 (see equation (9)). In the two-dimensional case, the viscous forces are generated in the direction normal to the flame front. The net effect of the viscous Figure 11 . Schematic of the S-T instability mechanism.
forces is then to exert a resistant force toward the incoming flow, resulting in the deflection of the streamline as shown in figure 11(b) . This further contributes to the concentration of the streamline and velocity enhancement near the concave part of the flame, in a manner analogous to the D-L mechanism.
This result demonstrates that there is an essential similarity between the instability mechanisms due to D-L and S-T modes. That is, the S-T instability is also inherently hydrodynamic rather than diffusive-thermal, and as such the instability mode is expected to be effective at all wave numbers. Details will be discussed in the next two subsections.
Linear instability behaviour
With the S-T effects, the growth pattern of the flame wrinkle is similar to the pure D-L instability behaviour. Figure 12 shows the time history of the growth rate and amplitude of the flame wrinkle in the linear stability range. As in figure 4 , the growth rate exhibits an asymptotic value. However, the magnitude of the maximum growth rate with the S-T effect is found to be larger than that for the equivalent condition without the S-T effect.
To quantify the additional destabilizing effect due to the S-T mechanism, figure 13 shows the normalized growth rate versus the wave number for various Hele-Shaw cell thicknesses. This clearly demonstrates that there exists an additional destabilizing mechanism due to the viscous effect, with a smaller Hele-Shaw cell thickness leading to a higher value of the growth rate. As discussed in figure 11 , the S-T mechanism inherently occurs at the hydrodynamic scale and not at the flame thickness scale, such that the slope of the growth rate near the origin (k * * = 0) is different with the Peclet number variation. Another contrast compared to the results in figure 6 is that the wave number at which the maximum growth rate occurs is hardly affected by the S-T effects. This implies that the wave number selection for the S-T mechanism is almost identical to that for the D-L mechanism, consistent with a previous experimental observation [10] .
To further demonstrate the hydrodynamic nature of the S-T mechanism, calculations were performed with three different values of the Lewis number, 0.7, 1.0, and 1.3, with and without the S-T effects, and the linear growth rate of each case was analysed. Figure 14 shows the normalized growth rate for the three different Lewis numbers. In this plot, the length and time scales are normalized by the nominal flame thickness and flame time in order to quantify the relative changes due to the Lewis number variation. The filled symbols indicate the difference between the case with and without the S-T effect, which is an indication of the additional coupling between the S-T and D-T mechanisms. This value is insensitive to the Lewis number variation, suggesting that the Lewis number does not contribute additionally to the S-T effect.
As a quantitative assessment of the S-T effect, figure 15 shows the effect of the Peclet number, or the Hele-Shaw cell thickness, on the linear growth rate normalized by that without the S-T effect. As expected, a smaller Peclet number results in a higher growth rate and the S-T effect vanishes at sufficiently large Peclet numbers. For the conditions under study, for the Peclet number higher than 70, the S-T destabilizing effect in addition to the D-L mechanism is less than 8%. To observe any noticeable effect, the Peclet number needs to be less than about 50, which may be difficult to achieve in an experimental set-up like [10] due to heat loss. Further work is needed to include the heat loss to the side walls in order to assess the true significance of the S-T mechanism in practical combustion systems.
Nonlinear instability behaviour
In the linear instability analysis, we have found many qualitative similarities between the S-T and D-L instability mechanisms. However, several distinct characteristics between the two mechanisms have been observed from the calculations at longer times where nonlinear effects become important. Figure 16 shows the evolution of the overall flame speed, S T /S L , for the flame with the S-T effect at Pe = 21.7. The four different curves denote the cases with different initial wavelength, λ. In contrast to figure 7 where most cases show a level-off behaviour of the flame speed, the addition of the S-T effect results in a continuous increase in the flame speed, most notably with a larger wavelength. We have confirmed that this is mostly due to the increase in the flame surface area rather than that in the local reaction rate. Figure 17 shows the comparison of the flame shape with and without the S-T effect under otherwise identical conditions. As seen in the figure, the S-T effect results in a more curved flame at larger area, demonstrating the additional destabilization effect. Moreover, it was found that the S-T instability evolves at a longer timescale. At t * * = 31.26 shown here, case (b) is still evolving while case (a) has reached a steady state.
The fundamental difference between the D-L and S-T instability mechanisms may be explained as follows. It is well known that the main driving mechanism of the D-L instability is the streamline deflection due to thermal expansion across the flame front, resulting in the streamline concentration at the cusp. The enhanced mass flux at the cusp is then balanced by the intensified burning due to the D-T mechanism as well as the kinematic nonlinear effect that is inherent in the large-amplitude D-L instability, resulting in the final equilibrium state. On the other hand, the main driving mechanism for the S-T effect is the change of the convective flux direction due to the finite viscous force which is normal to the flame surface. In other words, the D-L instability, which is caused by the acceleration of the flow velocity normal to the flame front, becomes attenuated as the flame front is more angled near the cusp region (consider a limiting case where the flame front is parallel to the flow, for which the normal velocity component is zero and thus the flow redirection effect vanishes). However, the S-T mechanism is caused by the viscous friction so that the effect remains finite under such extreme conditions. This explains why the S-T effect continues to grow after the D-L mechanism has reached its equilibrium. The behaviour may be described in analogy with a flow over a porous medium: if a valley forms in the porous medium surface, the valley will become deeper due to the erosion by the concentrated mass flow through this region.
As shown in figure 16 , the nonlinear behaviour of the S-T effect is more pronounced at larger wavelengths. For longer waves, a larger amount of the net viscous force is focused on the same size of the stream tube near the cusp, thereby further contributing to an enhanced convective mass flux. It appears that this extra amount of the destabilizing viscous force is balanced by the D-L and kinematic stabilizing mechanisms only at much larger scale wrinkles.
That the S-T instability mechanism sustains a longer time deserves further investigation. Figure 18 shows the growth rate history of an identical flame with and without the S-T effect. During the initial phase of the linear instability regime, the case with the S-T effect has a larger growth rate, as expected from the results discussed in the previous subsection. After a long time, the case without the S-T effect shows a decrease in the growth rate to approach the asymptotic equilibrium between the D-L mechanism and the stabilizing effects due to the nonlinear term and the D-T mechanism. The case with the S-T effect, however, exhibits the decay behaviour in a two-stage manner: a sharp drop followed by a gradual decay, of which the net effect is the continuous increase in the overall flame speed as shown in figure 16 . It appears as if there are two different characteristic timescales associated with the D-L and S-T mechanisms, such that the faster D-L mode first balances out with the nonlinear stabilizing effect, while the slower S-T continues somewhat longer until it also finds another equilibrium condition, perhaps with yet another stabilizing mechanism. Joulin and Sivashinsky [17] suggested a stabilization by a curvature term, for which the coefficient 'L' depends on the characteristics of the Hele-Shaw cell. A more systematic analytical study may be useful in identifying the distinct timescale of the S-T instability mechanism.
Finally, figure 19 shows the effect of the Hele-Shaw cell thickness on the overall flame speed. The results show a similar trend as those in figure 15 . The case with smaller HeleShaw cell thickness showed higher overall flame speed. For a sufficiently small Hele-Shaw cell thickness, the aforementioned two-timescale behaviour becomes apparent and the overall flame speed continuously increases for a longer-time. The cases with larger Pe (>50) show little effect of the S-T mechanism. However, for Pe = 14.5 the overall flame speed can be enhanced by as much as 30% compared to the case without the S-T mechanism.
Conclusions
The fundamental mechanisms and characteristics of the S-T instability in laminar premixed flames in a Hele-Shaw cell were investigated using two-dimensional numerical simulations. The model incorporated three flame instability mechanisms, D-L, D-T, and S-T, as a qualitative and quantitative assessment of the individual and combined effects.
The baseline calculations for the D-L and D-T instability showed the results consistent with the classical linear instability theory. It was demonstrated that the primary effect of the variable transport properties is the modification of the flame thickness, such that a reasonable collapse of results were obtained by normalizing the flame length and timescales by those of the actual thermal structure of the flame. The effect of different Lewis numbers was found to shift the growth rate versus wave number curve in the large wave number range. An asymptotic value of the overall flame speed was observed after a long time as the equilibrium between the destabilizing (D-L) and stabilizing (D-T) mechanisms is achieved.
With the S-T instability mechanism, the overall effect is to enhance the destabilizing mechanism by providing an increased viscous force in the product gas. The instability behaviour in the small amplitude regime was found to be inherently hydrodynamic such that the wave number selection was qualitatively similar to the D-L mechanism, consistent with the previous experimental study [10] . However, the results in the nonlinear, large-amplitude regime suggested that there are distinct characteristic timescales associated with D-L and S-T mechanisms, such that the longer-timescale S-T effect survives after the D-L effect has vanished. This timescale disparity was found to be more pronounced with longer waves. The quantitative analysis showed that the S-T effect is expected to be noticeable for relatively smaller Peclet numbers, approximately 50. For sufficiently smaller Peclet numbers, the overall flame speed is significantly affected by the S-T mechanism.
Further work is needed to include the effect of heat loss and gravitiy on the S-T instability characteristics. Joulin and Sivashinsky [17] investigated the qualitative effect of heat loss on the S-T instability in the linear analysis in the small thermal expansion limit. They found a quadratic dependence of the growth rate (ω ∼ k 2 ) at small wave numbers. A comprehensive computational study of the linear and nonlinear behaviour of the S-T instability including the heat loss is currently being investigated.
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